INTRODUCTION
Evaluation of highway bridges using quantitative nondestructive techniques is a great challenge. A research project currently being carried out at the ATLSS center of Lehigh University is to investigate the issue involved in QNDE of large structures with an emphasis on highway bridges. Our approach is to develop a remotely accessible, economically affordable, and highly reliable continuous monitoring system using advanced signal processing techniques and very large scale integration(VLSI) technology. The result of this project will dramatically lower the cost and enhance the capability of monitoring highway bridges. A particular fatigue damage monitoring system is being developed because fatigue damage assessment has been an important issue in bridge inspection and evaluation. The algorithm used for estimating fatigue damages requires rainflow counting, stress histogram generation, and equivalent stress range calculation. Using calculated equivalent stress range and appropriate AASHTO fatigue design curve, the total number of fatigue cycles can be estimated. The remaining fatigue life of the monitored bridge can be obtained by subtracting the number of used fatigue cycles from the total number of fatigue cycles. The entire system consists of sensors and processing modules distributed on a bridge and powered by small batteries, a radio repeater near the bridge powered by a larger battery, and a computer at central facility. The sensors and processor modules will be capable of collecting and processing data on site in real time. Processed data from each individual sensor and processor modules on the bridge will be transmitted to the radio repeater. The radio repeater will transmit multiplexed data from all sensors and processor modules on the bridge to the central facility. The computer at the central facility will display the processed data in various forms. Every sensor and processor module will have a unique identification number indicating the type of sensors, the type of processing, and the location of the sensor and processor module. The sensors and processor modules can be set up to perform continuous monitoring, event triggered processing, or remote controlled data collection.
FATIGUE LIFE EVALUATION OF HIGHWAY BRIDGE
The principal parameters controlling the fatigue life of a bridge detail include the nature of the structural detail, the stress range experienced by the detail, and the volume and variation of live load traffic on the bridge. Dependent on the nature and fabrication of the detail, its fatigue characteristics are represented by the S -N curve of the appropriate category as illustrated in Fig 1. While the S-N curves are referenced to constant amplitude stress cycles , the stress cycles experienced by actual structural details vary over a considerable range on account of the variability of truck weights, truck configuration, and location of vehicles traversing the bridge. A method is needed to assess the fatigue damage under variable stress range spectrum. One such method uses an equivalent constant amplitude stress range, which causes the same damage and fatigue life as the actual variable stress range spectrum. The traffic volume information is needed to establish the number of stress cycles to convert the fatigue life into a length of time. In essence, the fatigue evaluation of a bridge structure involves the establishment of the fatigue category of the critical detail, the estimation of an equivalent stress range, the estimation of the number of stress cycles experienced by the structural detail, and finally the estimation of the remaining fatigue life in terms of time units. This project will greatly enhance the reliability and accuracy of the latter three tasks.
While the equivalent stress range is updated from histogram, the total cycle N t (total fatigue life) that the bridge can afford under this certain equivalent stress range can be determined by the S -N curve. The number of cycles to date Np can be derived from the historical traffic information if it is available. Otherwise N p has to be obtained from the current traffic patterns. The degree of cumulated fatigue damage to date is estimated by comparing the cycles to date Np with the total fatigue life Nt. The difference between these two values is the remaining fatigue life,N r
N, =N t -N p
We can convert N r into a length of time during which the structure will perform normally. If N p > N t, some examinations and repairs should be carried out.
The best way to obtain the actual variable stress range spectrum is the field measurement of stresses under actual traffic condition. Strain gauges are generally used at the location or detail of interest on the structure, and strains are monitored and recorded over a period of time long enough to provide a realistic representation of the traffic pattern. Currently a sample period of two or three days is realistic. Implementation of our technique will increase the the sample period dramatically. This project is to design a small device which can process data on the monitored structure to generate the stress range spectrum -histogram, showing that the frequency of occurrence of stress cycles with various range magnitudes. Several methods can be used to count the number of cycles. But where n i = number of stress cycles with range magnitude Sri , and N i = fatigue life corresponding to constant stress range Sri as determined from the appropriate S -N curve. Since the typical S -N curve, for steel and concrete alike, has a gradient of -1/3 , the equivalent constant amplitude stress range based on Miner's rule is the "root-meancube' value of the weighted sum of variable stress ranges cubed .
where, Y i is fraction of occurrence of stress range Sri, or n i rL n i .
AN OVERVIEW OF THE MONITORING SYSTEM
The monitoring system will consist of a number of processing modules on the tested structure and a central computer which controls these remote modules. The system block diagram is shown in Fig 3. There is only one processing module shown in the above diagram, but actually there will be a number of modules attached to different significant locations of the inspected structure and remotely controlled only by one central office. Communication between modules and the central control will be carried out by radio sig- nals. Engineers can send out commands to remote modules and receive data from modules to the computer in the central control office. Due to the large size memory in the module there is no need to refresh monitoring work within a short time, the module can support continuous monitoring at least 4-5 years under normal traffic volume without refreshment, no time limit with refreshment. Thus, engineers will avoid field work in most of time.
The upper shadowed part in Fig 3. shows the components of the module. Because of applying VLSI technology the module can be integrated into very small physical size. Strain gauge generates a voltage signal which represents the strain from the vibration of the structure. Signal conditioning will include a pre-amplifier circuit and a noise--cancelling circuit in order to eliminate all kinds of noises which are mainly high frequency interference and adjust the dynamic range of signal to an appropriate value. An AID converter converts analog signal to digital signal. The digital filter will filter out noise at very low frequency(10-20hz). Digital data processing chip does the rainflow counting and histogram generation. It processes data in real time and continuously updates the histogram. It is the core of the system. The lower shadowed part in Fig 3. shows that the computer reads in the data of histogram and generates desired results, such as updated histogram, S-N curve, and a warning signal. Computer can also generate a control signal which is sent back to the remote module.
The data communication parts in Fig 3 shows that the communications between modules and central control are bidirectional. The communication part of remote module includes a radio modem chip and a hardware to decode the data between data processing chip and the modem chip. The radio modem chip can be directly connected to the serial port of computer. Therefore, design of a software and hardware support data communication is required.
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DESIGN OF FATIGUE DATA PROCESSING CHIP
The design of the chip is based on the fatigue life estimation algorithm, rain flow counting algorithm, and system application requirements. Because the rain flow counting algorithm is quite different from usual digital signal processing algorithms, customized VLSI design has to be implemented here. Many different control parameters, feedback loops and four different frequency clock signals are used in the design of the chip and they all contribute to the complexity of the design. The chip can be divided into four parts. Fig 4. shows the block diagram of the chip.
Description of Peak Unit
The block 'peak' is a digital peak detector which provides the peak values of the strain signal to the next circuit. It has one pin of serial input(the least significant bit first and most significant bit last) . The output 'out' is a 12-bits bus which provides the peak values of strain to fain flow part when the one bit output 'ctf' is high, The bit output 'j , indicates whether 'out' is a maximum or a minimum( a positive peak or a negative peak).
Description of Rain Flow Unit
This part processes peak values to generate the value of stress range Sr by the rain flow counting algorithm. 'ctr1' indicates whether Sr is ready a stress range value. The 12 bits input 'threshold' is provided by a calculation of the gain of the pre-amplifier and the real threshold value of stress range.
Description of Counter Unit
This part counts cycles under different stress range intervals, updates and outputs histogram. In block 'counting' 32 24-bits memory cells are used to accumulate the histogram. When 'write' is high, the circuit will write histogram out to one serial output pin without interrupting counting.
Description of Subclock Unit
This part generates seven clock signals with four different frequencies. Pin 'start' in Fig 4. is the starting signal which is used to start or reset teh clocks and rainflow counting computation.
Chip Specifications
The chip layout uses 2",,-<:mos technology. Since using cmos technology the static power dissipation can be ignored by comparing to the dynamic power dissipation, the power dissipation of the chip is very low due to the low frequency of strain signals and very low percentage of transistors switching in every cycle. Some important chip specifications are listed as follows: chip size: 6800"" x 4600"" number of pins: 40 number of transistors: 17574 estimated power consumption: < 10 ""W CONCLUSION This paper describes a new approach to solving civil engineering problems using VLSI signal processing technique. Particularly, a fatigue life monitoring system is presented. The new system performs the continuous data processing which can not be carried out by conventional method and will help civil engineers to gain better understandings of large structures under varying live load. By substituting the type of sensors being used, this system can also be used to process other types of signals using rainflow algorithm. The communication aspect of the system will be studied further.
